. Geometry of frequency-selective surface with conducting plates. shown that the current density across the plates possesses an edgemode singularity when the field is polarized parallel to the element edges and goes to at the edges where the field is polarized perpendicular to the edges. It was shown by Gross and Brown [*I9 [9] It also provides an analytic solution that demonstrates a cause-and-effect correspondence between the array geometry and performance.
[4] W. C. Chew and J. A. Kong, "Effects of fringing fields on the capacitance of circular microstrip disk," IEEE Trans. It also provides an analytic solution that demonstrates a cause-and-effect correspondence between the array geometry and performance.
incidence. It is the intention of this study to derive an analytic solution to the reflection from a three-dimensional (3-D) planar array of rectangular conducting plates using edge-mode functions similar
I. INTRODUCTION
An infinite array of metallic plates is illustrated in Fig. 1 . The array lies in the z-y plane with each element W wide in the z-direction and L long in the y-direction. The general problem of scattering from this structure has been studied by many authors. Ott et al. [l] solved the problem by the use of the point matching method and found the current density on each plate. They also provided measured data for several geometries. Chen [2] solved the problem for an arbitrary lattice with arbitrary incidence and polarization by expanding the near field into a set of Floquet mode functions and enforcing the boundary conditions. Chen's solution agrees very well with the measured data at normal incidence. Rubin and Bertoni [3] solved the problem by expanding the current in subsectional rooftop basis functions and compared their results to Chen. Many other authors [4] - [7] have solved variations on this problem using equivalent circuit approximations, the moment method, spectral Galerkin, and variational techniques. The solutions cited above provide, in most cases, accurate results but at the expense of losing the elegance of an analytic solution that demonstrates the functional dependence that scattering has upon array dimensions. The accuracy is dependent on the nature of the basis functions and how many terms are used in the series approximation. One drawback from the numerical approaches used is the computation time necessary to establish the unknown currents.
There is as yet no known exact analytic solution to this problem. The numerous studies performed on these FSS's, however, have to those in [8] and [9]. The advantage of the new approach will be an increased computation speed over traditional moment methods. Also, the edge-mode approximations lead to an elegant analytic solution that demonstrates the functional dependence of the reflection on the array geometry.
11. THEORETICAL ANALYSIS The intrinsic medium assumed for this development will be free space, and the polarization of the incidence field will be assumed to be in the y-direction. The classic expression for the magnetic vector potential due to a current source is given as where
CL0
Permeability of free space. Js(z', y') The unknown induced current density. GP The general periodic Green's function for this problem is expressed
The two-dimensional periodic Green's function. 0018-926X/95$04.00 0 1995 IEEE It will be assumed in this problem that the electric field is normally incident on the array with E polarized in the y-direction. A detailed derivation of the general scattered field has been provided in several of the previously referenced works, and therefore the derivation will not be repeated here. After applying the boundary conditions the current density can be shown to be related to the incident field as Fig. 2 . tions.
Sketch of the plate.-current density using the edge-mode approximaMultiplying both sides by the unprimed version of (4) and integrating, we can find an exmession for I, to be
In a traditional numerical analysis, the current density is expanded in a set of basis functions, and the unknown coefficients are solved using a matching technique. In this case we will make some assumptions about the form of the two-dimensional current density to synthesize an approximate solution. It is well known that the current density across strips in conducting gratings has an edge-mode dependence described by Meixner [ 101. Richmond [ 111 augmented his TM moment-method solutions with the edge-mode current density to speed convergence to his numerical solution. Gross and Brown [8] , [9] used edge-mode functions for both TE and TM incidence on strips to achieve a reasonable approximation to the exact solutions. When the electric field is incident on the array of Fig. 1 , the current density is singular on the edges parallel to the y-axis and is zero on the edges parallel to the z-axis. This behavior is similar to the TM and TE current densities of the strip grating problem. By assuming that the current density induced upon a rectangular patch in a 3-D periodic array is the product of two edge-mode functions, the current density can be expressed as
The cell size for the grating is assumed to be square with sides of Once the current density of (4) is found, it can be shown easily that the reflection coefficient for the array is given as 111. COMPARISON TO MEASURED DATA length P. A sketch ofthe general shape of the function is shown in Fig. 2 and demonstrates the same functional form as current densities density above, be frequency dependent, we can now substitute (4) into (3). Additionally, by assuming that the field is normally incident and has magnitude E,, we have &rived by numerical techniques [12] . Letting Io, for the current The reflection Of (7) was truncated to *loo in m and n and was compared to the results of Ott et al.
[l] and of Chen [2] . Ott et al. document measured values, whereas Chen documents both moment method and the measured values for the reflection from conducting arrays of rectangular plates. After a few simple computations, it was found that the solution of (7) tends to yield a resonance slightly above the expected values. This can be explained by the fact that the edge-mode approximation is not exact, and additionally it does not account for coupling between adjacent plates. By increasing all array dimensions by approximately 3%, the simple formulation above gives fairly accurate results. Two comparisons will be made. The first is for the case shown in Fig. 3 where: P = 2.54 cm, L = 1.35 cm, and W = 0.127 cm. The reflection is seen to peak around 9.9 GHz. As can be seen, the reflection coefficient using a classic edge-mode current description gives a very good comparison to the moment method. The second comparison in Fig. 4 is where: P = 1.78 cm, L = 1.27 cm, and A new formulation for the reflection from a frequency-selective surface composed of conducting rectangular plates is made. The current is assumed to have a spatial variation which follows a classic edge-mode behavior. Using this current formulation, the reflection coefficient is derived which is a simple expression using Bessel functions. The new solution is considerably faster than a more rigorous solution using the moment method and appears to be almost as accurate. The main utility of such a solution is that it gives a simple function that relates performance to the array geometry. It W = 0.127 cm. The reflection is seen to peak around 11.1 GHz. In this case, the agreement between the moment method, the data, and the new formulation are also very good. Thus, the new formulation gives a very good estimate of the reflection coefficient for this array and compares favorably with the moment method solutions in the two cases cited. We can create a more general plot that is not frequency specific to show the changing reflection as the aspect ratio (width-tolength ratio) of the elements changes. Fig. 5 for L = 0.W shows the power reflection for various ratios W / L . As is expected, the resonance moves up as the aspect ratio increases. The narrowest bandwidth for this type of frequency-selective surface is when the plate width is very small compared to length.
